Abstract. The melon fruit fly, Bactrocera cucurbitae Coquillett (Diptera: Tephritidae), is one of the important insect pests of fruits and vegetables. In order to monitor and control it effectively, it is necessary to know the potential geographical distribution of this pest. The ER (Eclosion rate) model was constructed from empirical biological data, and analyzed with ArcGIS. Based on the soil temperature and moisture data of Chinese meteorological stations, the potential geographical distribution of B. cucurbitae from January to December in China was predicted. Six categories were used to describe different levels of suitability for B. cucurbitae in China. The potential geographical distribution and suitable levels for every month in China were obtained and showed that almost all locations were suitable from May to September. Further analysis showed that monitoring measures should be taken in Guangdong, Guangxi, Yunnan, and Hainan provinces throughout the year.
INTRODUCTION
The melon fruit fly, Bactrocera cucurbitae Coquillett (Diptera: Tephritidae), originated from India [1] , spread throughout Southeast Asia in the 1990s, and then spread to other regions. At present, B. cucurbitae is found in some areas of Asia, Africa, and the Pacific Islands, including more than 30 tropical and subtropical countries and regions [2] [3] . In China, B. cucurbitae was mainly distributed in Guangdong, Guangxi, Hainan, Fujian, Yunnan (the geographic distribution in Yunnan can be divided into year-round distribution and seasonal distribution. The year-round distribution area was located at the South of latitude 24°), Taiwan, and Hong Kong. In addition, B. cucurbitae was found in Sichuan, Chongqing, Guizhou, Zhejiang, Jiangsu, Hunan, and other places in recent years [4] [5] [6] [7] [8] [9] [10] . Bactrocera cucurbitae has been reported to attack more than 100 species of fruits and vegetables, and has been listed as an important quarantine pest by many countries including China [11] [12] .
Bactrocera cucurbitae often caused losses of 30% to 90%. According to the reports, B.
cucurbitae had caused a reduction in production of watermelon of India, bitter gourd of Nauru, and towel gourd and pumpkin of Solomon by 28.55%, 95%, 90% and 87%, respectively [1] . Japan had spent 20.4 billion yen to eradicate B. cucurbitae in Okinawa islands [13] .
Population fluctuation of B. cucurbitae not only has been correlated with the temperature, but also with the relative humidity and rainfall [14] .Temperature had a significant impact on B. cucurbitae [15] , under laboratory conditions; when the temperature was below 14℃, all instars of B. cucurbitae did not develop normally [16] [17] . The low temperature of developmental threshold for pupae was 11.14℃, developmental temperature range was 11-36℃ [17] , and the optimum developmental temperature range was 22-30℃ [18] . When the temperature was greater than 32.2℃, the mortality rate to increased, and under the condition of 34℃ pupae mortality rate was 95.27%±0.35% [18] . Soil moisture also affected the pupae greatly. In India, the report showed two peak period of melon flies attacking the fruits --the one is in June with the relative humidity 72.0% -84.0 % and rainfall 53.3-61.5 mm, the other is the second and third weeks in July with the relative humidity 85.0% and rainfall 114.1-247.5 mm [19] . Mature larvae of B. cucurbitae pupated in the soil of 0.5-15 cm depth [20] [21] , and it is favorable for the mature larvae to pupate with higher eclosion rate when the soil moisture is less than 25%. When the soil moisture is greater than 30%, both the pupation rate and eclosion rate are lower [18] . cucurbitae, and analyze the potential geographical distribution and suitability levels using the ER model and displaying distribution patterns using soil temperature and soil moisture of past years in China by ArcGIS.
MATERIALS AND METHODS
The B. cucurbitae samples collected from Huangpu in Guangdong province were selected for the eclosion experiment. Eggs of B. cucurbitae were obtained from adults that had been reared for four generations on an artificial diet. Mature larvae (6 days after egg hatch) were placed in moist sand (75% relative humidity) at 29℃ for pupation. All 6480 pupas were gathered after 24h under and held at 25℃.
The eclosion rate (ER) data were collected by placing pupae in a plastic box (high 7cm, diameter 12.5cm) containing medium soil (Guangdong, DaHan) in an Artificial Climate box (Germany Binder Kbwf240). Data were analyzed using SPSS13.0 The ER model, based on soil temperature and relative humidity was obtained from a crossover design experiment conducted at the plant quarantine laboratory of Guangdong Entry-Exit Inspection and Quarantine Bureau. The design specified six soil temperature grades: 9℃, 14℃, 19℃, 24℃, 29℃, and 34℃. Six relative humidity grades included 0%, 20%, 40%, 60%, 80%, and 100%. Experiments consisted of 36 treatments and 3 replications during about 25 days and every box had 60 pupas. All pupas were placed 2 cm under the soil and held in artificial climate boxes. Water was added as needed [27] .The ER of B. cucurbitae was obtained and the ER model was derived by stepwise regression (SPSS 13.0) Geographic distribution and suitability was calculated for each month of the year for all of China and displayed as maps by ArcGIS. Soil temperature and moisture data were limited, but at data for a minimum of 10 days per month were obtained. Since values were obtained from different locations in different months, the full data set is presented in Table 4 . The suitability of B. cucurbitae was analyzed on the basis of these data and ER model results. The ER of B. cucurbitae for every location in China was obtained. For each location, suitability was categorized into 6 levels; negligible (where the B. cucurbitae is unable to occur and survive) (ER=0), extremely low (0＜ ER≤0.1), low（0.1＜ER≤0.2), moderate (0.2＜ER≤0.3), high (0.3＜ER≤0.4) and extremely high (0.4＜ER≤1). Suitability maps were plotted for each month using the inverse distance weight (IDW) raster interpolation.
RESULTS

ER model
SPSS was used to build the modelas it is convenient, fast, and reliable. The binary model was not significant (p>0.05) and the binary cubic model is too complicated to explain, so we chose binary quadratic regression model as the eclosion rate model of B. cucurbitae. After XY was dropped, the model chosen for eclosion rate was as follows: Table 1 shows the regression model summary, and four constants are available including XX, X, Y and YY. Table 2 shows the analysis of variance of regression.
Stepwise regression ordered the independent variables according to their explanatory power. Analysis showed that XY did not contribute to the explanatory power of the model significantly (p>0.05), so it was dropped. By regression analysis, after XY was dropped, t=0.107, P>0.01 (Table 3 
Potential geographical distribution of B. cucurbitae in China
After the suitable range and suitable level analysis of B. cucurbitae in China monthly the results showed that the percent of suitable locations was about 11% in January and February, then it increased to 37.14% quickly in March, and it was 76.19% in April.
Almost all locations were suitable from May to September, but it was 61.76% in October, and then decreased to 19% in November, and it was 12.28% in December.
For the most part, it was basically the same in December, January and February, and there was a turning point in March and April with the suitable locations increasing. (Fig. 2) .
Conclusions
The results indicated that soil temperature and soil moisture affected the potential geographical distribution of B. cucurbitae in China and suitable areas changed with 
DISCUSSION
Monitoring and trapping periods
This study indicated four monitoring and trapping periods for fruit fly eclosion in In summary, the two important natural factors (soil temperature and moisture) determined the potential geographical distribution of B. cucurbitae over 12 months in China were reported, and the ER model can be used to predict where and when these conditions are suitable for eclosion. This model also can be applied to other countries and will be improved with the development of the future research.
Potential geographical distribution of B. cucurbitae in China
Almost all suitability analysis methods of fruit flies include the main natural factors that affect the occurrence of fruit flies, and temperature and humidity often is the key to determine fruit fly outbreaks. Under the situation that meteorological data are relatively limited, how to make full use of these data is particularly important;
however, we often encounter data substitution or conversion problems (e.g., temperature and soil temperature data conversion), as well as the relationships among atmospheric humidity, rainfall, and soil moisture, which are very important to the adaptability analysis research of fruit flies. 
Management countermeasures
Quarantine measures should be strengthened domestically as well as at the borders Jiangsu, Hunan, and other places [4] [5] [6] [7] [8] [9] [10] . Quarantine measures ought to be reinforced to prevent the infestations of fruits and vegetables.
